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Abstract 

Background: There are various methods for detecting sentinel lymph nodes in breast cancer. Sentinel lymph node 
biopsy (SLNB) using a vital dye is a convenient and safe, intraoperatively preparative method to assess lymph node 
status. However, the disadvantage of the dye method is that the success rate of sentinel lymph node detection 
depend on the surgeon's skills and preoperative mapping of the sentinel lymph node is not feasible. Currently, a 
vital dye, radioisotope, or a combination of both is used to detect sentinel nodes. Many surgeons have reported 
successful results using either method. In this study we have analyzed breast lymphatic drainage pathways using 
indocyanine green (ICG) fluorescence imaging. 

Methods: We examined the lymphatic courses, or lymphatic vessels, in the breast using ICG fluorescence imaging, 
and applied this method to SLNB in patients who underwent their first operative treatment for breast cancer 
between May 2006 and April 2008. Fluorescence images were obtained using a charge coupled device camera 
with a cut filter used as a detector, and light emitting diodes at 760 nm as a light source. When ICG was injected 
into the subareola and periareola, subcutaneous lymphatic vessels from the areola to the axilla became visible by 
fluorescence within a few minutes. The sentinel lymph node was then dissected with the help of fluorescence 
imaging navigation. 

Results: The detection rate of sentinel nodes was 100%. 0 to 4 states of lymphatic drainage pathways from the 
areola were observed. The number of sentinel nodes was 3.41 on average. 

Conclusions: This method using indocyanine green (ICG) fluorescence imaging may possibly improve the 
detection rate of sentinel lymph nodes with high sensitivity and compensates for the deficiencies of other 
methods. The ICG fluorescence imaging technique enables observation of breast lymph vessels running in multiple 
directions and easily and accurately identification of sentinel lymph nodes. Thus, this technique can be considered 
useful. 
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Background 

Sentinel lymph node biopsy (SLNB) is useful to predicts 
accurate pathological nodal staging and detect the exis- 
tence of axillary lymph node metastasis. The major pro- 
blem of axillary dissection is that it produces various 
morbidities such as serome, infection, numbness and 
lymphadema of the arm [1,2]. Since April 2010, this 
technique has been covered by the national health 
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insurance in Japan, promoting its wide use in clinical 
settings. False-negative of SLNB is a critical problem, as 
it may lead to inadequate adjuvant therapy, which can 
negatively affect a patient's prognosis. Currently, three 
methods are available to identify sentinel lymph nodes: 
the dye method, the gamma probe method, and a com- 
bination of both [3-14]. Although the dye method has 
several benefits including ease of use, cost effectiveness 
and safety, it has been pointed out that the detection 
rate is low compared to the gamma probe method 
[3-14]. The avoidance of radioisotope is also beneficial 
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especially at institutes where the use of radioisotope is 
limited. Reports have indicated that the percentage of 
false-negative SLNB results could be less than 5% in 
experienced hands if dual-agent techniques are used 
[3-16]. Meanwhile, the lymphoscintigraphy with a radio- 
isotope cannot clearly visualize the lymphatic drainage 
pathway. The photodynamic eye (PDE) can visualize the 
lymphatic drainage pathway clearly and demonstrate the 
accurate location of sentinel lymph node real-time in 
the operating room. In our study, we performed SLNB 
using the indocyanine green (ICG) fluorescence techni- 
que to determine whether this can overcome the short- 
comings of the dye method, and analyzed breast 
lymphatic drainage pathways. 

Methods 

Sample collection 

Of the 414 patients who underwent their first operative 
treatment for primary breast cancer between May 2006 
and April 2008, 312 patients who were clinically negative 
for lymph node metastasis were enrolled in this study. A 
total of 102 patients underwent axillary dissection. Patients 
whose intraoperative histological results were negative for 
malignancy underwent no further axillary dissection, 
whereas the following patients continued to complete axil- 
lary dissection: (1) patients with clinically apparent positive 
nodes (102 cases); (2) patients with positive intraoperative 
frozen section diagnosis (49 cases,). If the node contained 
a metastasis, complete axillary dissection was performed 
immediately (49 cases, 15%). 

All patients were informed of the aims of the study, 
the potential effects of the procedures, the risks asso- 
ciated with surgery, and purpose of randomization. All 
patients signed a written consent form approved by the 
institutional ethics committee (institutional review 
board) of Tokyo Women's Medical University before the 
operation. 

Operative procedure 

SLNB was performed before wide excision, breast con- 
serving surgery, or mastectomy as follows. 

1) 5 ml of 20 times diluted indocyanine green (ICG) 
(Diagnogreen 0.5%; Daiichi Pharmaceutical, Tokyo, 
Japan) is injected into the subareola and periareola. (20 
times dilution: ICG is dissolved in 10 ml of solution to be 
diluted 20 times, i.e., a concentration of 0.125 mg/ml). 

2) Breast massage is performed for 10-20 seconds. 
(ICG is combined with serum proteins and moved into 
the lymph vessels. Massaging the injected area will 
increase the interstitial pressure of tissues [17-19], 
which in turn facilitates the absorption of ICG into the 
lymph vessels.) Following a few seconds of massage, 
subcutaneous lymphatic drainage pathway was then 
observed with fluorescence image (Figure 1, 2). 




Figure 1 Two patterns of lympathic drainage pathways from 

the breast to the axillary basin were found. (1) One pattern was 

a subcutaneous lymphatic vessel from the subareolar area running 

through the anterior surface of the breast into the lymph node in 

the midaxilla near the intercostals brachial nerve. Patterns of 

subcutaneous lymphatic drainage pathway from the areola into the 

axilla: From one to two streams was drained, 
k ) 

3) After the surgical lights are turned off, image acqui- 
sition is started using the Photodynamic Eye (PDE) 
infrared camera system manufactured by Hamamatsu 
Photonics K.K., while infrared light of 760 nm wave- 
length is being emitted under room fluorescent lighting. 
(The principle of fluorescence measurement is as fol- 
lows: Injected ICG molecules are promptly bound to the 
globulin fractions in serum proteins. Under this condi- 
tion, when excitation light of 760 nm is irradiated, fluor- 
escence with a peak wavelength of 845 nm will be 
emitted. This process is captured by a CCD camera with 
sensitivity in the near-infrared wavelength range). 

4) The fluorescence emitted by ICG is followed in the 
direction from the areola toward the axilla, and a mark- 
ing is made on the skin where the fluorescence disap- 
pears (Figure 1, 2, 3). 

5) Skin incision is made at that position and the sub- 
dermal layer is removed. Observation by fluorescence 
imaging is performed again. If there is any site that 
emits a strong fluorescence, that site is removed along 
with the surrounding tissue (Figure 3). 

6) Lymph nodes in the dissected specimen are isolated 
from surrounding fatty tissue, and investigated to see 



c 



axilla 






* ^^^^^^^^^^ ^mph node 

| / 


axilla 









Figure 2 (2) Another pattern was a lymphatic a lymphatic 

vessel running directly from the lateral edge of the 

parenchyma and through the posterior surface of the breast 

into the lower axilla, and then to the lymph node located at 

the midaxilla. Several lymphatic drainage pathways from the 

areolar area were observed. Several streams from the areola joined 

together before they drained to the axilla. 
I ) 
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Figure 3 It is possible to see the fluorescent lymph vessels that run from the body surface to the axilla. Figure 3-a: A skin incision is 
made at the end of fluorescence emission that extends to the axilla, in order to observe the fluorescent lymph vessels embedded in the 
subcutaneous tissue. The fluorescent lymph nodes at the end of the lymph vessels are identified. Figure 3-b: After skin incision, the 
subcutaneous lymphatics were more clearly visible by fluorescence. Figure 3-c: The lymphatic channels and nodes that received ICG appeared as 
shining fluorescent streams and spots in the fluorescence image. The lymph node was dissected along with its surrounding fatty tissue. 



whether each lymph node is fluorescent inside. All 
fluorescent lymph nodes are regarded as sentinel nodes. 
Anatomical localization of sentinel lymph nodes is 
recorded according to Berg's level classification. Obser- 
vation is made again to see if any fluorescence is present 
on and around the removed lymph nodes (Figure 3). 

7) The extracted sentinel lymph nodes are checked for 
metastasis by intraoperative biopsy with frozen section. 
Finally, permanent pathological diagnosis is conducted 
by postoperative HE staining. 

All sentinel lymph node positivity were determined 
intraoperatively by frozen-tissue examination and con- 
firmed postoperatively in formalin-fixed, paraffin- 
embedded tissue sections stained with hematoxylin and 
eosin. We did not use immunohistochemistry. Each sen- 
tinel lymph node was evaluated at 1 level for nodes of 1 
cm or less and at 3 separate levels for nodes of more 
than 1 cm. Patients given diagnoses of positive sentinel 



lymph nodes based on frozen-section diagnosis immedi- 
ately underwent an axillary lymph node dissection of 
level I II. 

Statistical analysis 

Fisher's exact test was used to evaluate the significance 
of any relationship between the clinicopathological fea- 
tures and the success of SLNB in identifying sentinel 
nodes. Differences were considered to be significant 
when p < 0.05. 

Results 

Identification rate: 100% 

The average age was 57.4 years old. Of the 312 patients, 
214 had a tumor of less than 2 cm in diameter and 98, 
a tumor of 2 cm or more, with 95 having had mastect- 
omy and 217 partial mastectomy (Table 1). Non-invasive 
tumor was found in 47 patients, invasive tumor in 265, 
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Table 1 Characteristics of patients and tumors 


Age: 57.4 (29-85) 


L^iameter 01 lumor 


v. Z.U Llll 


1 1 A(f\Q0/ n \ 

Z I ^{Oy 70) 




> 2.1 cm 


98(31%) 


Site of tumor 


Upper inner A 


57 (18%) 




Lower inner B 


24 (8%) 




Upper outer C 


133 (43%) 




Lower outer D 


22 (7%) 




Central E 


76 (24%) 


Operative procedure 


Conservation 


95 (30%) 




Mastectomy 


217 (70%) 



and vascular invasion in 152 (Table 2). Hormonal recep- 
tor status was positive in 159 patients (50.9%) and nega- 
tive in 72 (23%). HER-2 status was positive in 46 
patients (14.7%) (Table 3). 

We observed two main lymphatic drainage pathways 
draining from the areola in the direction of the axilla: one 
was directly toward the axilla and the other was toward 
and through the outside of the mammary gland (Figures 1 
and 2). When lymphatic drainage pathway or sentinel 
lymph nodes were not clearly visible in green color, fluor- 
escence imaging was used for directional guidance. The 
lymphatic flow through the mammary gland was primarily 
directed to the axillary lymph nodes, and the flow toward 
the parasternal lymph nodes or the supraclavicular lymph 
nodes was not observed in our study. 

The number of the lymphatic vessels ranged from one 
to four, with the average number of identified sentinel 
lymph nodes being 3.41 (Table 4). (In addition to the 
fluorescent lymph nodes, the swelling lymph nodes 
detected by palpation were also sent to intraoperative 
biopsy as Level I.) 

Patients whose intraoperative histological results were 
negative for malignancy underwent no further axillary 
dissection, whereas the following patients continued to 
complete axillary dissection: (1) patients with clinically 
apparent positive nodes (102 cases); (2) patients with 

Table 2 Clinicopathological features 

Histological type 

A Intraductal carcinoma 47 (15%) 

Ductal infiltrating 

Invasive ductal carcinoma 239 (77%) 

B 13(4%) 
Lobular infiltrating 

C 13(4%) 
Other 

Peritumoral vascular invasion 
(lymphatic or vascular invasion) 

Positive 152 (49%) 

Negative 160 (51%) 



Table 3 Tumor characteristics 



Hormonal receptor status 


rn / i\ ^ ,-J nn f > \ 

LK (+) and PR (+) 


159 (51%) 




LK (+/-) and/or PK(+/-j 


ol (26%) 




FR (-) anrl PR (-) 


1 Z \ZD /0) 


HER2 status 


0 


168 (54%) 




1 + 


74 (24%) 




2+ 


24 (7%) 




3+ 


46 (15%) 


Tumor grade 


I 


219 (70%) 




II 


80 (26%) 




III 


13 (4%) 



ER: Estrogen receptor 

PR: Progesterone receptor 

HER2: Human epidermal growth receptor 2 



positive operative frozen section diagnosis (49 cases). 
When the presence of lymph node metastasis was 
observed in intraoperative biopsy, a total dissection of 
the axillary lymph nodes was performed (49 patients, 
15%). There were 8 patients in whom metastatic lesions 
were not found in the identified lymph nodes by intrao- 
perative biopsy but metastasis was detected in permanent 
preparation at a later date. These were false negative 
cases, resulted from the fact that metastatic lesions in the 
slice for intraoperative biopsy were too small and it was 
only possible to detect such lesions using permanent pre- 
paration. Any metastatic lesion in the 8 patients who 
showed false negative results for metastasis was very 
small, less than 2 mm, which prevented detection by 
intraoperative biopsy. Side effects such as intraoperative 
allergy due to ICG were not observed. 

Of the 263 patients who showed negative results for sen- 
tinel lymph node metastasis, 6 patients developed post- 
operative distant metastasis (supraclavicular lymph nodes 
in one patient, subpectoral lymph nodes in one, lung in 
two, brain in one and liver in one). Of the 49 patients in 
which the presence of sentinel lymph node metastasis was 
observed by intraoperative biopsy and a total dissection of 
the axillary lymph nodes was performed, 4 patients devel- 
oped postoperative distant metastasis (parasternal lymph 
nodes in one patient, lung in one, bone in one and brain 
in one) (Table 5). None of the patients in this study suf- 
fered disease relapse in axillary lymph nodes during a 
median follow-up period of 49 months. 

Of the patients who received sentinel lymph node 
biopsy, 1 developed metastasis in the remaining breast 
after breast conserving surgery. In those who tested 
negative for metastasis by SLNB, no patient developed 
metastasis in the axillary lymph nodes (Table 5). 

Discussion 

Many studies have been conducted on SLNB, since the 
publication by Krag et al. on the method using 
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Table 4 Number of lymphatic flows and nodes 



Direction of lymph current 

(1) Toward the axilla 

(2) Toward and through the outside of the mammary gland 



Number of lymph currents and proportion (%) 


0 


2% 




1 


35% 




2 


46% 




3 


12% 




4 


5% 


Identification rate: 100% 


Identified lymph nodes (average) 


Sentinel lymph nodes 


3.41 (range: 1-12) 




Level I 


1.66 (range: 0-10) 




Total 


5.07 (range: 1-17) 



radioisotope in 1993 [10,11], and a report by Giuliano et 
al. on the dye method in 1994 [12,13]. Veronesi et al 
suggested the possibility that a total dissection of the 
axillary lymph nodes is not always necessary, and a large 
scale RCT was carried out [1,2,20-29]. These reported 
successful lymphatic mapping in 92% using a combina- 
tion of a dye and a gamma probe method. They found 
that SLNB using dye alone allowed the identification in 
approximately 70-80% of patients and that adding a 
radioisotope improved the detection rate. It is therefore 
certain that the combination of dye and radioisotope 
will become more commonly used in SLNB [3-16]. 

It is important, therefore, that the accuracy of SLNB 
be secured by each surgeon and each institute. 



Table 5 Unfavorable events and deaths 





SLNB Group (n = 
263) 


SLNB- > ALND 
Group (n = 
49) 


Unfavorable events 


0 


0 


Events other than death 


0 


0 


Axillary metastasis 


0 


0 


Supraclavicular metastasis 


1 (0.3%) 


0 


Recurrence in ipsilateral 
breast 


18 (0.3%) 


0 


Cancer in contralateral breast 


0 


0 


Distant metastasis 


5 (2%) 


4 (8%) 


Other primary tumor 


0 


0 


Death due to breast cancer 


3 (1%) 


2 (4%) 


Death from other causes 


0 


0 



ALND: Axillary lymph node dissection 
SLNB: Sentinel lymph node biopsy 

SLNB- > ALND: Because of being positive for lymph node metastasis in 
sentinel lymph biopsy, a total dissection of the axillary lymph nodes was 
applied. 

Statistical significance was evaluated using the chi-square test or Fisher's 
exact probability test. There were no significant differences between the two 
groups. (P = 0.55) 



Currently, two types of tracers, dye and radioisotope, 
are used to detect the sentinel lymph nodes in breast 
cancer patients, and a combined use of the two tracers 
has yielded a high diagnostic value [3-14]. 

We performed the SLNB using the ICG fluorescence 
measurement technique in order to overcome some 
drawbacks inherent in the dye method (Table 6). At our 
department, the identification rate of sentinel lymph 
nodes is 100%. This is a result similar to or better than 
those reported by other researchers, which were 
obtained by the gamma probe method or the combined 
method that uses the gamma probe and the dye [3-14]. 
Thus, it can be said that SLNB using ICG fluorescence 
could be very useful. 

We usually inject ICG into the subareola and periar- 
eola. Because the mammary gland is embryologically 
derived from the ectoderm, it is thought that the mam- 
mary gland tissue and the subcutaneous tissue share 
common lymphatic vessels, which lead to the relevant 
lymph nodes [30-34]. Lymphatic flow originating in the 
mammary gland tissues first moves into the subareolar 
lymphatic vessels, and then drains to the axillary lymph 
nodes. Therefore, the injection of ICG into the subar- 
eola and periareola allows us to identify the same senti- 
nel lymph nodes as those identified with the 
peritumonal injection. Some studies [30-34] attempted 
to clarify whether injection of mapping agents into the 
subareolar breast tissue results in the identification of 
the same sentinel lymph nodes as injection into intra- 
dermal sites overlying the breast tumor. It would be 
simpler if the injection could be performed in the same 
manner for all patients regardless of tumor location or 
palpability. Other studies [30-34] have shown that a der- 
mal or subdermal injection of mapping agents results in 
more reliable sentinel lymph node identification than a 
peritumonal injection. It has been hypothesized that the 
lymphatic drainage pathway of the entire breast flows to 
the same few sentinel lymph nodes. No lymphatic 
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Table 6 Benefits and Drawbacks of ICG Flourescence Method 

Benefits of ICG fluorescence method Drawbacks of ICG fluorescence method 

(1) The subcutaneous lymphatic vessels running from the areola to the (1) If lymph vessels that have been emitting fluorescence signal are 
axilla can be observed from outside, through the skin allowing of the damaged, ICG will leak into the surrounding tissue, preventing an 
accurate determination location of the skin incision in the axilla. accurate identification of sentinel lymph nodes. 

(2) Fluorescence can be used as a guide to remove the lymph vessels (2) Many lymph nodes that are emitting fluorescence, with an average of 
running toward the axilla more easily. five or more, can appear 

(3) If any fluorescence signal is detected in the extracted lymph nodes, it (3) Skin pigmentation due to ICG remains for a certain period of time, 
means there are sentinel lymph nodes in those lymph nodes. 

(4) Other benefits include: no exposure to radiation, easy to use, and 
cost effectiveness. 



drainage pathway was observed to the parasternal lymph 
node and the supraclavicular lymph node. It was 
reported that the lymphatic drainage pathway in the 
breast parenchyma flowed toward the subareolar lym- 
phatic plexus and drained in to the axilla [30-34]. In the 
present study, a lymphatic drainage pathway from the 
areolar area was detected in almost all patients. 

In our study, ICG, which was injected into the subar- 
eola and periareola, emitted a high level of fluorescence 
at the injection location, then promptly moved into the 
lymphatic vessels, and finally spread further through the 
lymphatic flow courses. The PDE infrared camera sys- 
tem has an ability to capture fluorescence up to a depth 
of 1 cm from the skin surface. In patients with a low 
body mass index (BMI), it was possible to directly 
observe the fluorescent lymph nodes in the axillary 
region because their subcutaneous fat layer was thin. 

On the other hand, patients with a high BMI usually 
have a thick subcutaneous fat layer, making it difficult 
or impossible to track the lymphatic drainage pathway 
toward the axilla by fluorescence. It seems that in 7 
patients (2%) failure to detect a lymphatic drainage 
pathway was unavoidable, as all 7 patients were obese 
(BMI > 30). BMI has been shown to correlate with an 
increased incidence of failure in identifying a sentinel 
lymph node. The specific causes of mapping failure 
remain uncertain, but some contributing factors have 
been observed [35-39]. Using inadequate volume of 
injection, inadequate dispersion, inappropriate timing, 
and inadequate massage may weaken the ability of the 
dyes and radioisotopes to reach the nodal basin. Fatty 
tissue around the lymph nodes may also cause decreased 
flow to the lymphatic basin. Successfully lymphatic drai- 
nage pathway mapped patients had a mean BMI of 22.3 
kg/m 2 (range 17.9 to 33 kg/m 2 ). 

However, for these obesity patients (BMI > 30), it was 
possible to easily identify the lymph nodes and lympha- 
tic vessels embedded in the adipose tissue by incising 
the subcutaneous fat in the axillary incision site. The 
intensity of fluorescence can be adjusted if required. It 
is also possible to distinguish between the fluorescence 
from the lymph nodes or lymphatic vessels and the 



fluorescence from ICG that happens to attach some- 
where. If the fluorescence is strong, and can determine 
whether the lymph nodes or lymphatic vessels, the 
deposit of a ICG is also possible to adjust the high and 
low emission intensity of the device. None of these obe- 
sity 7 patients were not failed to identify sentinel lymph 
node and not had false negative sentinel lymph nodes. 

More sentinel lymph nodes were detected by ICG 
fluorescence imaging compared with other methods 
(Table 4) [1-14,17,18]. The uptake of the localization 
agents into the lymphatic vessels is dependent on the 
interstitial pressure [19,30-39]. Our data from past 
experiences suggest that ICG fluorescence could detect 
a wide range of sentinel lymph nodes. ICG in the lymph 
node can be illuminated by fluorescence with very high 
sensitivity even if it does not appear green. When we 
detect many harvested sentinel lymph nodes, the follow- 
ing can be suggested according to several differences 
between the dye and radioisotope: (1) the molecular 
weight and the chemical structure, (2) the intensity of 
binding of some kinds of protein to the tracers, (3) the 
injection time to tracers, and (4) the sensitivity of meth- 
ods [3,4]. The small blue dye crystals passively rely on 
prevailing fluid dynamics for visualization of the lymph 
node as fluorescence is emitted. Our experiments clearly 
revealed that extensive sentinel lymph nodes in the 
axilla could be detected only with the ICG fluorescence 
method. In our department, 20 times diluted ICG is 
used. The intensity level of fluorescence obtained from 
this ICG is appropriate, allowing us to perform the 
SLNB in an effective and efficient manner. It was possi- 
ble to identify the irregularities, which may appear 
around the fluorescence emission when some lymphatic 
vessels are damaged, by adjusting the emission intensity 
of fluorescence. It is also possible to distinguish the 
lymph node from the lymphatic vessel by adjusting the 
fluorescence emission intensity. (The lymph nodes illu- 
minate in a spotty pattern, whereas the lymph vessels 
illuminate in a linear or streaky pattern.) 

We observed two main lymphatic drainage pathways 
draining from the areola in the direction of the axilla: 
one was directly toward the axilla and the other was 
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toward and through the outside of the mammary gland. 
Regarding the number of lymphatic vessels, it was 
observed in many patients that several lymphatic vessels 
running in the same direction join together to form the 
lymphatic vessel network. In some cases, it flows into 
multiple sentinel lymph nodes through multiple lympha- 
tic vessels (Figure 1, 2). 

When the presence of lymph node metastasis was 
observed in intraoperative biopsy, a total dissection of 
the axillary lymph nodes was performed. However, addi- 
tional surgery is not usually performed for patients in 
which micrometastasis is detected by the postoperative 
HE staining of permanent preparation but other lymph 
nodes removed as part of a group sentinel are metasta- 
sis-negative. Currently, postoperative tumor recurrence 
in the axillary lymph nodes has not been observed 
(Table 5). The clinical significance of micrometastasis 
and ITC (isolated tumor cell) has not been established. 
These were false negative cases, resulting from the fact 
that metastatic lesions in the slice for intraoperative 
biopsy were too small and it was only possible to detect 
such lesions using permanent preparation. Any meta- 
static legion in the 8 patients who showed false negative 
results for metastasis was very small, less than 2 mm, 
which prevented detection by intraoperative biopsy. 
However, some reports have suggested that there might 
be an association between micrometastasies in the 
lymph nodes and distant metastasis [27-29]. The prog- 
nostic significance of a micrometastasis in terms of 
metastatic risk is controversial [1,2,20-29]. 

At present, no standard guidelines are available for 
dealing with micrometastasies in the sentinel lymph 
nodes. Among the patients who underwent a total dis- 
section because metastasis had been detected in a single 
sentinel lymph node, no patient developed metastasis in 
other organs or parts other than the sentinel lymph 
nodes. If we are able to accurately identify the patients 
with metastasis only in the sentinel lymph node(s), it 
would be possible to reduce the need for further surgery 
or unnecessary total dissections. 

Conclusions 

The fluorescence method allows us to see how the lym- 
phatic drainage pathway flows from the areola toward 
other parts in real-time during surgery, as well as clearly 
understand how the lymphatic vessels run from the are- 
ola to the axilla. With the dye method, sometimes it is 
difficult or impossible to visually determine whether the 
extracted lymph nodes are sentinel lymph nodes or not. 
Meanwhile, with the fluorescence method, this can be 
done relatively easily by checking the existence of fluor- 
escence in the extracted lymph nodes. This method is a 
technique that enables us to easily identify the sentinel 
lymph nodes during surgery with low invasiveness and 



no exposure to radiation, thus providing a safe and very 
useful way to detect the axillary sentinel lymph nodes in 
patients with breast cancer, in additon to improving the 
identification rate. 

Abbreviations 

(ICG): indocyanine green; (CCD): charge coupled device; (LED): light emitting 
diode; (SLN): sentinel lymph node; (SLNB): sentinel lymph node biopsy; 
(ALND): axillary lymph node dissection; (ER): estrogen receptor; (PR): 
progesterone receptor; (HER2): human epidermal growth receptor 2; (BMI): 
body mass index; (Rl): radioisotope; (ITC): isolated tumor cell. 

Authors' contributions 

KA designed the study, researched the literature, and drafted the 
manuscript. TK, TO, MN, and SK participated in the study design and 
coordination, and helped to collect data. All authors have read and 
approved the manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 23 April 201 1 Accepted: 2 December 201 1 
Published: 2 December 201 1 

References 

1. Veronesi U, Paganelli G, Viale G, Luini A, Zurrida S, Galimberti V, Intra M, 
Veronesi P, Robertson C, Maisonneuve P, Renne G, De Cicco C, De Lucia F, 
Gennari R: A randomized comparison of sentinel node biopsy with 
routine axillary dissection in breast cancer. N Eng J Med 2003, 
349:546-553. 

2. Noguchi M: Sentinel lymph node biopsy as an alternative to routine 
axillary lymph node dissection in brast cancer patients. J Surg Oncol 
2001, 76:144-156. 

3. Wada N, Imoto S, Yamauchi C, Hasebe T, Ochiai A, Ebihara S: Correlation 
between concordance of tracers, order of harvest, and presence of 
metastases in sentinel lymph nodes with breast cancer. Ann Surg Oncol 
2005, 12:1-7. 

4. Kern KA: Concordance and validation study of sentinel lymph node 
biopsy for breast cancer using subareolar injection of blue dye and 
technetium 99 m sulfur colloid. J Am Coll Surg 2002, 195:467-475. 

5. Imoto S, Wada N, Murakami K, Hasebe T, Ochiai A, Ebihara S: Prognosis of 
breast cancer patients treated with sentinel node biopsy in Japan. Jpn J 
Clin Oncol 2004, 34:452-456. 

6. Tuttle TM: Technical advances in sentinel lymph node biopsy for breast 
cancer. Am Surg 2004, 70:407-413. 

7. Motomura K, Inaji H, Komoike Y, Hasegawa Y, Kasugai T, Noguchi S, 
Koyama H: Combination technique is superior to dye alone in 
identification of the sentinel node in breast cancer patients. J Surg Oncol 
2001, 76:95-99. 

8. Tefra L, Lannin DR, Swanson MS, Van Eyk J J, Verbanac KM, Chua AN, Ng PC, 
Edwards MS, Halliday BE, Henry CA, Sommers LM, Carman CM, Molin MR, 
Yurko JE, Perry RR, Williams R: Multicenter trial of sentinel node biopsy for 
breast cancer using both technetium sulfur colloid and isosulfan blue 
dye. Ann Surg 2001, 233:51-59. 

9. Derossis AM, Fey J, Yeung H, Yeh SDJ, Heerdt AS, Petrek J, VanZee KJ, 
Montgomery LL, Borgen PI, Cody HS III: A trend analysis of the relative 
value of blue dye and isotope localization in 2,000 consecutive cases of 
sentinel node biopsy for breast cancer. J Am Coll Surg 2001, 193:473-478. 

10. Krag DN, Weaver OJ, Alex JC, Fairbank JT: Surgical resection and 
radiolocalization of the sentinel lymph node in breast cancer using a 
gamma probe. Surg Oncol 1993, 2:335-340. 

11. Krag D, Weaver D, Ashikaga T, Moffat F, Klimberg S, Shriver C, Feldman S, 
Kusminsky R, Gadd M, Kuhn J, Harlow S, Beitsch P, Whitworth P, Foster R, 
Dowlatshahi K: The sentinel node in breast cancer-A multicenter 
validation study. N Engl J Med 1 998, 339:941 -946. 

12. Giuliano AE, Jones RC, Brennan M, Statman R: Sentinel lymphadenectomy 
in breast cancer. J Clin Oncol 1997, 15:2345-2350. 

13. Giuliano AE, Kirgan DM, Guenther JM, Morton DL: Lymphatic mapping and 
sentinel lymphadenectomy for breast cancer. Ann Surg 1994, 220:391-401. 



Aoyama et al. World Journal of Surgical Oncology 201 1, 9:157 
http://www.wjso.eom/content/9/1 1\ 57 



Page 8 of 8 



14. Motomura K, Inaji H, Komoike Y, Kasugai T, Noguchi S, Koyama H: Sentinel 34 
node biopsy guided by indocyanin green dye in breast cancer patients. 
Jpn J Clin Oncol 1999, 29:604-607. 

15. Cox CE, Salud CJ, Cantor A, Bass SS, Peltz ES, Ebert MD, Nguyen K, 35 
Reintgen DS: Learning curves for breast cancer sentinel lymph node 
mapping based on surgical volume analysis. J Am Coll Surg 2001, 
193:593-600. 36 

16. Classe JM, Curtet C, Campion L, Rousseau C, Fiche M, Sagan C, Resche I, 
Pioud R, Andrieux N, Dravet F: Learning curve for the detection of axillary 
sentinel lymph node in breast cancer. Eur J Surg Oncol 2003, 29:426-433. 

17. Kitai T, Inomoto T, Miwa M, Shikayama T: Fluorescence navigation with 37 
indocyanine green for detecting sentinel lymph nodes in breast cancer. 
Breast Cancer 2005, 12:211-215. 

18. Ogasawara Y, Ikeda H, Takahashi M, Kawasaki K, Doihara H: Evaluation of 
breast lymphatic pathway with indocyanine green fluorescence imaging 38 
in patients with breast cancer. World J Surg 2008, 32:1924-1929. 

19. Bass SS, Cox CE, Salud CJ, Lyman GH, McCann C, Dupont E, Berman C, 
Reintgen DS: The effects of postinjection massage on the sensitivity of 39 
lymphatic mapping in breast cancer. J Am Coll Surg 2011, 192:9-16. 

20. Mansel RE, Fallowfield L, Kissin M, Goyal A, Newcombe RG, Dixon JM, 
Yiangou C, Horgan K, Bundred N, Monypenny I, England D, Sibbering M, r~ 
Abdullah Tl, Barr L, Chetty U, Sinnett DH, Fleissig A, Clarke D, Ell PJ: doi:1 0.1 186/1477-7819-9-1 57 

Randomized multicenter trial of sentinel node biopsy versus standard Cite this article as: Aoyama et al.: Sentinel lymph node biopsy for 

axillary treatment in operable breast cancer: the ALMANAC trial. J Natl breast cancer P atients usin 9 fluorescence navigation with indocyanine 

Cancer Inst 2006, 98:599-609. { 9™^- World Journal of Surgical Oncology 20]] 9:157. 

21. Harlow SP, Krag DN, Julian TB, Ashikaga T, Weaver DL, Feldman SA, 
Klimberg VS, Kusminsky R, Moffat FL Jr, Noyes RD, Beitsch PD: 
Prerandomization surgical training for the national surgical adjuvant 
breast and bowel project(NSABP) B-32 trial: a randomized phase K 
clinical trial to compare sentinel node resection to conventional axillary 
dissection in clinically node-negative breast cancer. Ann Surg 2005, 
241:48-54. 

22. White RL Jr, Wilke LG: Update on the NSABP and ACOSOG breast cancer 
sentinel node trials. Ann Surg 2004, 70:420-424. 

23. Clarke D, Khonji Nl, Mansel RE: Sentinel node biopsy in breast cancer: 
ALMANAC trial. World J Surg 2001, 25:819-822. 

24. Bergkvist L, Frisell J: Multicentre validation study of sentinel node biopsy 
for staging in breast cancer. Br J Surg 2001, 88:1644-1648. 

25. Martin RC, Edwards MJ, Wong SL, Tuttle TM, Carlson DJ, Brown M, 
Noyes RD, Glaser RL, Vennekotter DJ, Turk PS, Tate PS, Sardi A, Cerrito PB, 
McMasters KM: Practical guidelines for optimal gammaprobe detection 
of sentinel lymph nodes in breast cancer: results of a multi-institutional 
study. Surgery 2000, 128:139-144. 

26. Noguchi M, Motomura K, Imoto S, Miyauchi M, Sato K, Iwata H, Ohta M, 
Kurosumi M, Tsugawa K: A multicenter validation study of sentinel lymph 
node biopsy by the Japanese breast cancer society. Breast Cancer Res 
Treat 2000, 63:31-40. 

27. Martin RC, Fey J, Yeung H, Borgen PI, Cody HS: Highest isotope count 
dose not predict sentinel node positivity in all breast cancer patients. 
Ann Surg Oncol 2001, 8:592-597. 

28. Quan ML, McCready D, Temple WJ, McKinnon JG: Biopsy of lymphatic 
metastases in breast cancer: lessons learned from sentinel node biopsy. 
Ann Surg Oncol 2002, 9:467-471. 

29. Camp ER, Cendan JC, Feeor R, Lind DS, Wilkinson E, Copeland EM: The 
hottest sentinel lymph node is not always the positive node. Am Surg 
2004, 70:475-478. 

30. Motomura K, Komoike Y, Hasegawa Y, Kasugai T, Inaji H, Noguchi S, 
Koyama H: Intradermal radioisotope injection is superior to subdermal 
injection for the identification of the sentinel node in breast cancer 
patients. J Surg Oncol 2003, 82:91-96. 

31. Bauser TW, Spitz FR, Callans LS, Alavi A, Mick R, Weinstein SP, Bedrosian I, 
Fraker DL, Bauser TL, Czerniecki BJ: Subareolar and peritumoral injection 
identify similar sentinel nodes for breast cancer. Ann Surg Oncol 2002, 
9:169-176. 

32. Chagpar A, Martin III RC, Chao C, Wong SL, Edwards MJ, Tuttle T, 
McMasters KM: Validation of subareolar and periareolar injection 
techniques for breast sentinel lymph node biopsy. Arch Surg 2004, 
139:614-618. 

33. Gray RJ, Pockaj BA: A concordance study of subareolar and subdermal 
injections for breast cancer sentinel lymph node mapping. Am J Surg 

2004, 188:423-425. 



Noguchi M, Inokuchi M, Zen Y: Complement of peritumonal and 
subareolar injection in breast cancer sentinel lymph node biopsy. J Surg 
Oncol 2009, 100:100-105. 

Gawlick U, Mone MC, Nelson ED, Hansen HJ, Nelson EW: Success in 
sentinel lymph node procedures in obese patients with breast cancer. 

Am J Surg 2010, 200:707-711. 

Johnson MT, Guidroz JA, Smith BJ, Graham MM, Scott-Conner CEH, 
Sugg SL, Weigel RJ: A single institutional experience of factors affecting 
successful identification of sentinel lymph node in breast cancer 
patients. Surgery 2009, 146:671-677. 

Cox CE, Dupont E, Whitehead GF, Ebert MD, Nguyen K, Peltz ES, 
Peckham D, Cantor A, Reintgen DS: Age and body mass index may 
increase the chance of failure in sentinel lymph node biopsy for women 
with breast cancer. Breast J 2002, 8:88-91. 

Derossis AM, Fey JV, Cody HS, Borgen PI: Obesity influences outcome of 
sentinel lymph node biopsy in early-stage breast cancer. J Am Coll Surg 

2003, 197:896-901. 

Hughes M, Goffman TG, Perry RR, Laronga C: Obesity and lymphatic 
mapping with sentinel lymph node biopsy in breast cancer. Am J Surg 

2004, 187:52-57. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 

Submit your manuscript at (^\ RioMM i r pnt ^\ 

www.biomedcentral.com/submit Blomea ^ enirai 



